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ABSTRACT The initiation and level of infestation by dogwood borer, Synanthedon scitula (Harris),
was tracked over three consecutive years in two nonbearing apple (Malus spp.) orchards in West
Virginia and Virginia. The orchards were planted on a number of rootstockÐvariety (�cultivar)
combinations and grown using different cultural practices. Infestations were detected during the Þrst
season after planting and continued to increase annually. The amount of burr knot tissue had the
greatest impact on dogwood borer populations, because increasing amounts of burr knot tissue
resulted in higher infestation rates. The use of plastic spiral wrap tree guards seemed to increase the
development of burr knot tissue, resulting in signiÞcantly greater infestation compared with trees
without tree guards in the West Virginia orchard. Variety also had a signiÞcant effect, because ÔIdaredÕ
trees on M.26 had signiÞcantly greater levels of infestation compared with ÔBuckeye GalaÕ on M.26,
with or without tree guards, in the Virginia orchard. Mounding soil around the rootstock to a height
just above the graft union prevented or tremendously curtailed infestation by dogwood borer, but it
led to scion rooting that seemed to have an impact on size-controlling features of dwarÞng rootstocks.
Removal of the mounds at the beginning of the third growing season resulted in infestation of the
rooted tissue during the same season. As long as apple cultivars continue to be planted on size-
controlling rootstocks, dogwood borer will likely remain a serious pest, requiring either chemical
treatments or a behavioral control strategy, such as mating disruption, to protect trees from infestation
and damage.
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THE DOGWOOD BORER, Synanthedon scitula (Harris)
(Lepidoptera: Sesiidae), is an important indirect pest
in apple (Malus spp.) orchards in eastern North Amer-
ica (Kain and Straub 2001, Bergh and Leskey 2003),
particularly in high-density orchards composed of
trees on clonal, size-controlling rootstocks (Riedl et al.
1985, Kain and Straub 2001). The ultimate factor re-
sponsible for the increasing use of clonal, size-con-
trolling rootstocks in high-density apple plantings is
international competition in the apple market (Mar-
shall and Andrews 1994). Planting of orchards on size-
controlling rootstocks increased steadily in Virginia
from 1963 to 1987, with a rapid increase thereafter.
The most recent data available indicated that the ma-
jority of new apple trees to be planted in 2002 were to
be on M.7, M.9, and M.26 rootstocks (Anonymous
2001). These rootstocks promote the formation of ad-
ventitious root initials (burr knots) near the base of

the tree (Rom 1970, 1973) or on the scion (Marini et
al. 2003). Burr knot tissue seems to be an attractive
oviposition site for female dogwood borer, because
this is where infestations on apple typically are found
(Riedl et al. 1985, Warner and Hay 1985, Kain and
Straub 2001, Bergh and Leskey 2003). Infestation and
larval feeding over consecutive seasons can lead to
consumption of burr knot tissue and feeding in the
cambial layer, potentially resulting in tree death from
girdling (Weires 1986). Furthermore, apple trees can
show a slow decline and reduced yield in response to
several years of continued infestation by dogwood
borer larvae (Howitt 1993), although this effect has
not been quantiÞed. In Europe, however, infestation
of burr knots on ÔIdaredÕ trees by the congeneric
species Synanthedon myopaeformis (Borkh.), over a
period of 2 yr, resulted in a 22.1% decline in yield
(Dickler 1976).

Differences in the level of infestation by dogwood
borer among apple orchards seem to be related to a
number of factors, including the particular clonal root-
stock and/or variety planted. A survey of 33 apple
orchards in western New York revealed that approx-
imately one-third of the trees grown on clonal root-
stocks from the Malling (M) and Malling-Merton
(MM) series were infested by dogwood borer, with
infestation levels ranging from 0 to 100% (Riedl et al.

Mention of trade names or commercial products in this publication
is solely for the purpose of providing speciÞc information and does not
imply recommendation or endorsement by the U.S. Department of
Agriculture.

1 USDAÐARS Appalachian Fruit Research Station, 2217 Wiltshire
Rd., Kearneysville, WV 25430Ð2771.

2 Virginia Polytechnic Institute and State University, Alson H.
Smith, Jr. Agricultural Research and Extension Center, Winchester,
VA 22602.



1985). Trees on M.9, M.26, MM.106, and M.9 interstem
on MM.106 were equally infested, whereas those on
MM.111 showed signiÞcantly lower infestation levels.
Highly infested rootstockÐvariety combinations in-
cluded ÔMacIntoshÕ on M.26, ÔGolden DeliciousÕ on
M.9, and Idared on MM.106, with infestation levels
between 76 and 85% (Riedl et al. 1985). For the con-
generic species, S. myopaeformis, highly infested va-
rieties on M.9 included ÔMutsuÕ at 70.6%, followed by
ÔMarigoldÕ and Idared at 51Ð56%, with lowest levels of
infestation found on ÔGranny SmithÕ at 20% (Dickler
1976).

Certain cultural practices also seem to have an im-
pact on dogwood borer infestation. For example, tree
guards used for protection against gnawing by rabbits
and rodents can enhance growth of burr knots (Rom
and Brown 1979) and increase the severity of infes-
tation by dogwood borer (Kain and Straub 2001). In
a survey of 29 apple orchards of various ages and with
differing rootstockÐvariety combinations in New York
in which eight orchards had tree guards, and 21 did
not, there were no statistical differences between the
number of dogwood borer larvae present in trees with
or without tree guards (Kain et al. 2004). However,
this survey was conducted once during a single grow-
ing season, and to unequivocally determine whether
tree guards truly increase the severity of dogwood
borer infestation, perhaps by promoting growth of
burr knot tissue, surveys of the same trees should be
conducted over multiple seasons.

Mounding soil around the exposed rootstock re-
portedly prevents the emergence of adult dogwood
borer and further infestation of burr knots (Riedl et al.
1985). However, mounding also induces rooting of
burr knots (Young and Tyler 1983), potentially lead-
ing to undesirable horticultural effects if rooting of the
scion tissue occurs (Riedl et al. 1985). Planting new
apple trees deeper also reduces burr knot exposure
(Young and Tyler 1983; Riedl et al. 1985; Warner and
Hay 1985; Kain and Straub 2001), although, like
mounding, this practice also can promote scion root-
ing. (Riedl et al. 1985). Poor weed control around the
trunk can increase the development of burr knots, and
therefore the likelihood of infestation by dogwood
borer, by creating shade and increasing humidity
(Rom and Brown 1979, Howitt 1993).

All previous studies of dogwood borer as a pest of
apple were based on work conducted in orchards with
established infestations. A number of fundamental
questions relating to the initiation and persistence of
dogwood borer infestations in newly established apple
orchards have not been addressed, including the im-
pacts of rootstock, variety, and cultural practices.
Given that most new apple orchards are planted on
clonal, size-controlling rootstocks, a better under-
standing of the cultural and horticultural factors that
may promote and sustain infestation by dogwood
borer is needed. Therefore, in two newly planted
apple orchards in West Virginia and Virginia, we
tracked the initiation and level of infestation by dog-
wood borer on a number of rootstockÐvariety combi-

nations grown under different cultural regimes over
three consecutive years.

Materials and Methods

Orchard Design. This study was conducted in two
experimental apple orchards, one in Jefferson County,
West Virginia, and one in Frederick County, Virginia.
The West Virginia study site consisted of a 1.25-ha plot
of semidwarf ÔSun FujiÕ and ÔGale GalaÕ trees planted
in December 2001. The 1.25-ha plot was subdivided by
rootstock: 0.625 ha of M.7 neighbored by 0.625 ha of
M.26. The M.7 portion of the plot consists of 12 rows
of 20 trees, planted with 4.9 m between rows and 3.7 m
between trees. The M.26 portion of the plot consists of
12 rows of 30 trees, planted with 4.9 m between rows
and 2.4 m between trees. The two varieties Sun Fuji
and Gale Gala were represented equally (six rows of
each), arranged in quadrants of six rows of 10 trees
(for M.7) or six rows of 15 trees (for M.26). Crabapple
pollenizers ÔSnow DriftÕ on M.26 and ÔManchurianÕ on
M.7 were planted between trees in every other row,
with Snowdrift inserted after every three trees in the
M.26 plot and Manchurian after every two trees in the
M.7 plot. The orchard drive rows were mowed fre-
quently throughout the study, and 1.2-m-wide weed-
free strips were maintained beneath trees with her-
bicides. For the duration of this study, no insecticides
were applied to this plot; otherwise, the plot was
managed for disease control following guidelines for
commercial, nonbearing orchards in the mid-Atlantic
(Anonymous 2004a).

The Virginia study site consisted of a 0.65-ha block
of Idared and ÔBuckeye GalaÕ trees on M.26 rootstock,
planted at a spacing of 2.4 m between trees and 6.1 m
between rows in March 2002. Six rows of 60 trees were
subdivided by variety, with three rows of Idared
neighboring three rows of Buckeye Gala. The orchard
drive rows were mowed frequently, and a 1.75-m-wide
weed-free strip was maintained in each tree row. The
Virginia orchard received minimal insecticide inputs
in 2002 (four sprays). In 2003 and 2004, seven and nine
sprays were applied, respectively, including three py-
rethroid applications in 2004 to suppress damage from
a severe infestation of the 17-yr periodical cicadaMa-
gicicada septindecim L. in the Winchester area. Dis-
ease management was based on recommended guide-
lines for commercial fruit growers (Anonymous
2004a).
TrunkTreatments inWest Virginia. In March 2002,

three trunk treatments were imposed on trees: 1) tree
guard, 2) soil mound, and 3) bare trunk. Within a
rootstockÐvariety subplot, trunk treatments were ran-
domly assigned to contiguous plots measuring two
rows by Þve trees (for M.7) or three rows by Þve trees
(for M.26), allowing four replicates of treatment plots
for each rootstockÐvariety combination. For trees re-
ceiving tree guards, plastic spiral wrap rodent guards
(OESCO, Conway, MA) were deployed before silver-
tip in the Þrst growing season and left in place for the
duration of the study. For mounded trees, soil barriers
were pulled from tilled soil surrounding freshly
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planted trees, mounded to �5 cm above the graft
union, and compressed to limit erosion. Soil barriers
were augmented to maintain coverage of the entire
rootstock/shank throughout the study and were re-
moved in early May 2004. Bare trunk trees received no
protective treatment.
Trunk Treatments in Virginia. In April 2002, the

trunk treatments described previously were imposed
on trees in Virginia. Treatments were separately ran-
domized for each variety and assigned to contiguous
plots of four trees by three rows, so that each treat-
ment was replicated Þve times per variety. In Virginia,
soil mounds were constructed of topsoil shoveled
around the trunk to a level of �5 cm above the graft
union. Because of the sloping topography of the Vir-
ginia study site, erosion necessitated maintenance of
the soil mounds several times per year through fall
2003, after which they were removed, in April 2004.
Horticultural Measurements and Infestation Sur-
veys.The number of burr knots on the rootstock below
the graft union was counted and the diameter of each
burr knot was measured on trees with tree guards and
those with bare trunks in AprilÐMay of each year.
Trunk diameter of each tree was measured �5 cm
above the graft union (to correspond to height of soil
mounds) on all trees. Assessing infestation by dog-
wood borer larvae was based on the presence or ab-
sence of fresh frass on burr knots. In West Virginia, the
number of infested trees and the number of infested
burr knots per tree were recorded, whereas in Virginia
only the number of infested trees was noted. These
evaluations occurred at approximately monthly inter-
vals from April to October, although for the purpose
of this article, we present only data collected in MayÐ
June to represent larval populations that had over-
wintered successfully (referred to as the “early” sea-
son sample) and in SeptemberÐOctober to represent
larval populations present at the end of the active
season (referred to as the “late” season sample).
Statistical Analysis. The surface area of each burr

knot was calculated, based on the assumption that burr
knots tend toward a circular shape. Data were subse-
quently analyzed using the General Linear model
(GLM) procedure (SAS Institute 2001) to construct
analysis of variance (ANOVA) tables for the number
of burr knots present per tree and the total burr knot
surface area per tree (with and without tree guards)
in 2002Ð2004. The models included the following class
variables: rootstock (RS), variety (VAR), and trunk
treatment (TRT) for the West Virginia orchard, and

VAR and TRT for the Virginia orchard. Dependent
variable data were log(y � 1) transformed if homo-
geneity-of-variance assumptions were violated ac-
cording to the Brown and Forsythe test. When the
GLM indicated signiÞcant differences, multiple com-
parisons were calculated using the Student-Newman-
Keuls multiple range test. All statistical comparisons
were at � � 0.05. Mean number of burr knots per tree
and total burr knot surface area per tree also were
compared within a rootstock category (M.26 or M.7)
and across varieties using one-way ANOVA followed
by the Student-Newman-Keuls multiple range test in
2002Ð2004. Mean scion diameter within a rootstock
category and across all trunk treatments (tree guard,
bare trunk, and previously mounded) were compared
in the springof2004using identical statisticalmethods.

For the West Virginia orchard, the mean number of
infested burr knots and infested trees were compared
within a rootstock category (M.26 or M.7) and across
varieties by using one-way ANOVA followed by the
Student-Newman-Keuls multiple range test in 2002Ð
2004. Dependent variable data were log(y� 1) trans-
formed if homogeneity-of-variance assumptions were
violated according to the Brown and Forsythe test.
These same characteristics also were compared be-
tween the pollenizers Snow Drift on M.26 and Man-
churian on M.7 in 2003Ð2004, by using identical sta-
tistical methods. For the Virginia orchard, the mean
numbers of infested trees were compared between
varieties in 2002Ð2004, by using identical statistical
methods. To determine the probability of infestation
by dogwood borer in trees with or without tree guards
within a particular rootstock class at the end of each
growing season, logistic regression models were con-
structed using a stepwise procedure. The following
variables were evaluated for their ability to best pre-
dict infestation; total burr knot surface area (BK SA),
variety (VAR), trunk treatment (TRT), and presence
of infestation early in the season (INF). If a variable
was not signiÞcant based on the WaldÕs �2 value, it was
dropped from the model.

Results

Horticultural Characteristics

West Virginia. In 2002, the GLM for number of burr
knots per tree was signiÞcant (F � 17.28; df � 3, 396;
P � 0.0001) with RS being a signiÞcant factor (Table
1). SigniÞcantly more burr knots were present on trees

Table 1. Effects of class variables rootstock (RS), variety (VAR), and trunk treatment (TRT) on GLM for number of burr knots per
tree and total burr knot surface area per tree from 2002 to 2004 in West Virginia

Model Variable
2002 2003 2004

F value df P value F value df P value F value df P value

Burr knots/tree RS 49.04 1, 396 �0.0001 96.95 1,393 �0.0001 75.80 1,392 0.0165
VAR 0.80 1, 396 0.3730 0.04 1,393 0.8508 5.84 1,392 0.0161
TRT 2.02 1, 396 0.1562 4.07 1,393 0.0443 3.89 1,392 0.0492

Surface area/tree RS 84.83 1, 396 �0.0001 266.96 1,393 �0.0001 217.10 1,392 �0.0001
VAR 10.11 1, 396 0.0016 17.98 1,393 �0.0001 0.07 1,392 0.7906
TRT 0.33 1, 396 0.5688 6.05 1,393 0.0144 20.28 1,392 �0.0001

December 2005 LESKEY AND BERGH: INFESTATION OF APPLE ORCHARDS BY DOGWOOD BORER 2123



on M.26 rootstock (mean � SE, 5.44 � 0.23) compared
with trees on M.7 rootstock (2.40 � 0.15). In 2003, the
GLM for number of burr knots per tree was again
signiÞcant (F� 33.66; df � 3, 393; P� 0.001) with the
effects of RS and TRT being signiÞcant (Table 1).
SigniÞcantly more burr knots were present on trees on
M.26 rootstock (6.55 � 0.23) compared with trees on
M.7 rootstock (3.56 � 0.20), and on trees with spiral
wrap tree guards (5.67 � 0.26) compared with trees
without (5.13 � 0.24). In 2004, the GLM was signiÞ-
cant (F� 4.09; df � 3, 392; P� 0.0018) with the effect
of RS, VAR, and TRT all being signiÞcant (Table 1).
Again, signiÞcantly more burr knots were present on
trees on M.26 rootstock (5.75 � 0.19) compared with
trees on M.7 rootstock (4.99 � 0.27). Furthermore,
signiÞcantly more burr knots were present on Gale
Gala (5.82 � 0.25) compared with Sun Fuji (5.07 �
0.20). Although the GLM indicated that the effect of
TRT was signiÞcant, the mean separation test failed to
reveal differences in burr knot numbers between trees
with spiral wrap tree guards (5.75 � 0.24) and trees
without (5.14 � 0.22). There was no difference in
number of burr knots present on Gale Gala and Sun
Fuji with and without tree guards planted on M.26
rootstock in 2002 and 2003. However, in 2004, signif-
icantly more burr knots were present on Gale Gala
with bare trunks (Table 2). Conversely, among M.7

treatments, signiÞcant differences were detected in all
3 yr, with signiÞcantly fewer burr knots on Gale Gala
without tree guards (Table 2). With regard to pollen-
izers, there were signiÞcantly more burr knots on
Snow Drift on M.26 than on Manchurian on M.7 in
2003, but not in 2004 (Table 3).

The GLM for total burr knot surface area per tree
in 2002 was signiÞcant (F � 31.75; df � 3, 396; P �
0.0001) with the effects of RS and VAR being signif-
icant (Table 1). Total burr knot surface area (square
centimeters) per tree was signiÞcantly greater on
trees planted on M.26 rootstock (mean � SE, 4.29 �
0.21) compared with M.7 rootstock (1.88 � 0.14), and
on Sun Fuji (3.73 � 0.22) compared with Gale Gala
(2.92 � 0.20). In 2003, the GLM was again signiÞcant
(F� 97.09; df � 3, 393; P� 0.0001) with the effects of
RS, VAR, and TRT all being signiÞcant (Table 1). Total
burr knot surface area was signiÞcantly greater on
M.26 rootstock (15.82 � 0.72) compared with M.7
rootstock (4.13 � 0.28), on Sun Fuji (12.47 � 0.79)
compared with Gale Gala (9.74 � 0.69), and on trees
with spiral wrap tree guards (11.94 � 0.75) compared
with those without (10.29 � 0.74). In 2004, the GLM
was signiÞcant (F � 78.99; df � 3, 392; P � 0.0001),
with the effects of RS and TRT being signiÞcant (Ta-
ble 1). Total burr knot surface area was signiÞcantly
greater on M.26 rootstock (26.22 � 1.02) compared

Table 2. Comparison of mean � SE number of burr knots and burr knot surface area (square centimeters) per tree on M.26 and
M.7 rootstocks from 2002 to 2004 in West Virginia

Rootstock Variety Treatment 2002 2003 2004

Burr knots/tree M.26 Gale Gala Tree guard 6.07 � 0.59a 7.05 � 0.61a 5.90 � 0.47b
Gale Gala Bare trunk 5.80 � 0.44a 7.30 � 0.42a 6.78 � 0.37a
Sun Fuji Tree guard 4.91 � 0.39a 6.18 � 0.40a 5.05 � 0.32b
Sun Fuji Bare trunk 4.97 � 0.42a 5.68 � 0.40a 5.29 � 0.36b

M.7 Gale Gala Tree guard 2.60 � 0.33a 3.75 � 0.34a 6.80 � 0.61a
Gale Gala Bare trunk 1.45 � 0.23b 2.28 � 0.29b 3.30 � 0.37c
Sun Fuji Tree guard 2.73 � 0.33a 4.48 � 0.43a 5.55 � 0.52ab
Sun Fuji Bare trunk 2.60 � 0.31a 3.75 � 0.43a 4.30 � 0.49bc

Surface area/tree M.26 Gale Gala Tree guard 4.22 � 0.50a 15.87 � 1.56a 30.09 � 2.42a
Gale Gala Bare trunk 3.68 � 0.31a 13.01 � 1.01a 26.02 � 1.87ab
Sun Fuji Tree guard 4.49 � 0.42a 17.58 � 1.30a 27.79 � 1.92ab
Sun Fuji Bare trunk 4.77 � 0.48a 16.85 � 1.76a 21.11 � 1.84b

M.7 Gale Gala Tree guard 1.54 � 0.21ab 3.60 � 0.42b 10.41 � 1.38ab
Gale Gala Bare trunk 1.22 � 0.20b 2.13 � 0.30c 4.37 � 0.61bc
Sun Fuji Tree guard 2.58 � 0.33a 6.11 � 0.70a 12.78 � 1.60a
Sun Fuji Bare trunk 2.16 � 0.28ab 4.68 � 0.55ab 4.30 � 0.48c

Means in the same column for a particular variable of assessment and root stock followed by a different letter are signiÞcantly different
according to Student-Newman-Keuls multiple range test (P � 0.05).

Table 3. Comparison of mean � SE number of burr knots, total burr knot surface area (square centimeters) per tree, percentage
of infested trees, and number and percentage infested burr knots on crabapple pollenizers from 2003 to 2004 in West Virginia

Rootstock Variety 2003 2004

Burr knots/tree M.26 Snow Drift 6.00 � 0.56a 4.35 � 0.42a
M.7 Manchurian 3.63 � 0.42b 4.39 � 0.46a

Surface area/tree M.26 Snow Drift 17.33 � 1.77a 17.07 � 2.00a
M.7 Manchurian 5.06 � 0.80b 7.76 � 1.10b

% infested trees M.26 Snow Drift 67a 93a
M.7 Manchurian 69a 55b

No. infested burr knots M.26 Snow Drift 1.78 � 0.23a(30%) 2.10 � 0.21a(52%)
M.7 Manchurian 1.63 � 0.25a(45%) 1.31 � 0.25b(30%)

Means in the same column for each variable of assessment followed by a different letter are signiÞcantly different according to Student-
Newman-Keuls multiple range test (P � 0.05).
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with M.7 rootstock (8.59 � 0.64), and on trees
wrapped with spiral wrap tree guards (21.88 � 1.18)
compared with those without (16.35 � 1.03). Across
years, there was no difference in total burr knot sur-
face area among M.26 treatments until 2004, when
signiÞcantlymoreburrknot tissuewaspresentonGale
Gala with tree guards compared with Sun Fuji without
guards (Table 2). Among M.7 treatments, signiÞcantly
more burr knot tissue was present on Sun Fuji with
tree guards compared with Gale Gala without in 2002,
compared with Gale Gala with and without tree
guards in 2003, and compared with Gale Gala and Sun
Fuji without tree guards in 2004. With regard to pol-
lenizers, there was signiÞcantly more burr knot tissue
present on Snow Drift on M.26 than on Manchurian on
M.7 in 2003 (�3� more) and 2004 (�2� more) (Ta-
ble 3).

In 2004, the scion diameter of M.26 trees was sig-
niÞcantly larger on previously mounded trees
(mean�SE, 37.5�0.6mm)thanon treeswith(31.2�
0.4 mm) and without tree guards (32.0 � 0.4 mm).
Similarly, among M.7 trees, the scion diameter of pre-
viously mounded trees (40.0 � 0.6 mm) was signiÞ-
cantly larger than trees with (34.6 � 0.6 mm) or
without tree guards (33.8 � 0.7 mm).
Virginia. In 2002, the GLM for number of burr knots

per tree was signiÞcant (F � 12.60; df � 2, 231; P �
0.0001) with VAR being a signiÞcant factor (Table 4).
SigniÞcantly more burr knots were present on Idared
(mean � SE, 5.06 � 0.29) compared with Buckeye
Gala (3.00 � 0.17). In 2003, the GLM for number of
burr knots per tree was signiÞcant (F� 17.82; df � 2,
231; P � 0.0001), with the effect of VAR again signif-
icant (Table 4). SigniÞcantly more burr knots were
present on Idared (6.66 � 0.32) compared with Buck-
eye Gala (4.15 � 0.18). In 2004, the GLM was signif-
icant (F � 30.07; df � 2, 231; P � 0.0.001), with the

effect of VAR again signiÞcant (Table 4). Again, sig-
niÞcantly more burr knots were present on trees on
Idared (5.82 � 0.26) compared with Buckeye Gala
(3.29 � 0.17). In 2002 and 2003, signiÞcantly more burr
knots were present on Idared with and without tree
guards compared with Buckeye Gala with and without
tree guards. In 2004, signiÞcantly more burr knots
were present on Idared with tree guards compared
with all other treatments (Table 5).

The GLM for total burr knot surface area per tree
in 2002 was signiÞcant (F � 17.02; df � 2, 231; P �
0.0001), with the effects of VAR and TRT being sig-
niÞcant (Table 4). Total burr knot surface area
(squarecentimeters)per treewas signiÞcantlygreater
on Idared (mean � SE, 3.51 � 0.27) compared with
Buckeye Gala (1.51 � 0.13), and on trees with spiral
wrap tree guards (3.04 � 0.27) compared with those
without (2.02 � 0.18). In 2003, the GLM was again
signiÞcant (F � 10.62; df � 2, 231; P � 0.0001), with
the effects of VAR and TRT again being signiÞcant
(Table 4). Total burr knot surface area was signiÞ-
cantly greater on Idared (11.87 � 0.72) compared with
Buckeye Gala (7.73 � 0.50), and on trees without
spiral wrap tree guards (11.04 � 0.66) compared with
those with tree guards (8.56 � 0.62). In 2004, the GLM
was signiÞcant (F� 5.81; df � 2, 231; P� 0.0035), with
the effect of VAR being signiÞcant (Table 4). Total
burr knot surface area was signiÞcantly greater on
Idared (17.98 � 0.99) compared with Buckeye Gala
(10.43 � 0.68). Total burr knot surface area was sig-
niÞcantly greater on Idared with tree guards com-
pared with Buckeye Gala with or without tree guards
and Idared without tree guards in 2002, on Idared
without treeguardscomparedwithBuckeyeGalawith
and without tree guards and Idared with tree guards
in 2003, and on Idared with and without tree guards

Table 4. Effects of class variables variety (VAR) and trunk treatment (TRT) on GLM for number of burr knots per tree and total burr
knot surface area per tree from 2002 to 2004 in Virginia

Model Variable
2002 2003 2004

F value df P value F value df P value F value df P value

Burr knots/tree VAR 25.11 1, 231 �0.0001 32.14 1, 231 �0.0001 58.43 1, 231 �0.0001
TRT 0.10 1, 231 0.7544 3.50 1, 231 0.0626 1.70 1, 231 0.1934

Surface area/tree VAR 25.37 1, 231 �0.0001 9.87 1, 231 0.0019 8.51 1, 231 0.0039
TRT 8.66 1, 231 0.0036 11.37 1, 231 0.0009 3.11 1, 231 0.0793

Table 5. Comparison of mean � SE number of burr knots and burr knot surface area (square centimeters )per tree on M.26 rootstock
from 2002 to 2004 in Virginia

Variety Treatment 2002 2003 2004

Burr knots/tree Buckeye Gala Tree guard 2.63 � 0.16b 3.94 � 0.25b 3.29 � 0.25c
Buckeye Gala Bare trunk 3.36 � 0.30b 4.33 � 0.26b 3.29 � 0.24c
Idared Tree guard 5.50 � 0.42a 6.31 � 0.46a 6.51 � 0.41a
Idared Bare trunk 4.63 � 0.37a 7.00 � 0.45a 5.15 � 0.30b

Surface area/tree Buckeye Gala Tree guard 1.72 � 0.18bc 7.29 � 0.65b 10.50 � 0.92b
Buckeye Gala Bare trunk 1.32 � 0.17c 8.16 � 0.75b 10.37 � 1.01b
Idared Tree guard 4.34 � 0.43a 9.80 � 0.10b 18.32 � 1.52a
Idared Bare trunk 2.71 � 0.29b 13.88 � 0.96a 17.66 � 1.31a

Means in the same column for a particular variable of assessment followed by a different letter are signiÞcantly different according to
Student-Newman-Keuls multiple range test (P � 0.05).
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compared with Buckeye Gala with and without tree
guards in 2004 (Table 5).

In 2004, the scion diameter of trees on the M.26
rootstock was signiÞcantly greater on previously
mounded trees (mean � SE, 32.1 � 0.4 mm) than on
trees with (26.6 � 0.2 mm) and without tree guards
(26.8 � 0.2 mm).

Infestation

West Virginia. M.26. In June 2002, signiÞcantly
more burr knots on (F� 6.86; df � 3, 236; P� 0.0002)

and signiÞcantly more trees (F� 8.40; df � 3, 236; P�
0.0001) of the variety Sun Fuji without tree guards
were infested by dogwood borer compared with Gale
Gala with and without tree guards (Fig. 1). By late
October 2002, signiÞcantly more burr knots on (F �
13.46; df � 3, 234; P � 0.0001) and signiÞcantly more
trees (F � 7.77; df � 3, 234; P � 0.0001) of Sun Fuji
were infested compared with Gale Gala, regardless of
presence of tree guards (Fig. 1). Using the stepwise
procedure, the model that best predicted dogwood
borer infestation by late 2002 (i.e., proportion of trees

Fig. 1. Mean percentage of infested burr knots and trees on M.26 rootstock in West Virginia from early (MayÐJune) and
late (SeptemberÐOctober) 2002Ð2004. Letters indicate signiÞcant mean separation based on StudentÐNewman-Keuls Mul-
tiple Range Test for actual mean numbers. Postmound treatments represented in late 2004 sample only.
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with infested burr knots) included BK SA (square
centimeters), VAR and INF: y � 1 � 1/exp(�2.071�
(0.283 (BK SA) � 0.6289 (VAR) � 0.577 (INF), where
for VAR Sun Fuji is 1 and Gale Gala is �1, and for INF,
no is 1 and yes is �1. TRT was not a signiÞcant factor
and was eliminated from the model (Table 6). Similar
infestation trends continued through early 2003 for
both burr knots (F� 8.90; df � 3, 231; P� 0.0001) and
for trees (F� 8.18; df � 3, 231; P� 0.0001). However,
by October 2003, signiÞcantly more burr knots on Sun
Fuji and Gale Gala with tree guards were infested
compared with burr knots found on these same vari-
eties without tree guards (F � 10.67; df � 3, 231; P �
0.0001). Similarly, signiÞcantly more Sun Fuji and
Gale Gala trees with tree guards were infested com-
pared with those without (F � 5.29; df � 3, 234; P �
0.0015) (Fig. 1). In terms of the probability of infes-
tation by dogwood borer in late 2003, the model in-
cluded BK SA (square centimeters) and TRT: y � 1 �
1/exp (0.279 � 0.235 (BK SA) � 1.202 (TRT), where
without tree guard is 1 and with tree guard is �1. VAR
and INF were not signiÞcant factors and were elimi-
nated from the model (Table 6). Again in early 2004,
signiÞcantly more burr knots on (F� 28.52; df � 3, 229;
P� 0.0001) and signiÞcantly more Sun Fuji and Gale
Gala trees (F� 21.17; df � 3, 229;P� 0.0001) with tree
guards were infested compared with those without. In
late 2004, the same trend continued in terms of burr
knot infestation (F � 10.02; df � 3, 229; P � 0.0001).
In early 2004, no infestation was detected on trees with
soil mounds removed in May of that year. However by
late 2004, 55 and 56% of Sun Fuji and Gale Gala trees
that had mounded soil removed were infested but at
signiÞcantly lower levels compared with these same
varieties with and without tree guards (F� 14.74; df �
5, 347; P � 0.0001) (Fig. 1). Among trees with and
without tree guards, the model for probability of in-
festation by dogwood borer in late 2004 included BK
SA (square centimeters) and INF: y � 1 � 1/exp
(0.834 � 0.055 (BK SA) � 0.829 (INF), where for INF,

no is 1 and yes is �1 (Table 6). Factors that were not
signiÞcant included TRT and VAR.
M.7. In 2002, only Gale Gala without tree guards

became infested, although at a very low level that was
not signiÞcantly different from other treatments (Fig.
2); a predictive model for infestation was not signiÞ-
cant. However, by early 2003, signiÞcantly more Sun
Fuji trees with tree guards were infested (F � 4.06;
df � 3, 156; P � 0.0083). By late 2003, signiÞcantly
more Sun Fuji with and without tree guards and Gale
Gala with tree guards were infested (F� 5.63; df � 3,
156; P� 0.0011) and signiÞcantly more burr knots on
Sun Fuji with tree guards were infested compared
with Gale Gala without tree guards (F� 3.76; df � 3,
156; P � 0.0121) (Fig. 2). Similar to the M.26 infesta-
tion in terms of the probability of infestation by dog-
wood borer in late 2003, the model included BK SA
(square centimeters) and TRT: y � 1 � 1/exp (�2.401
� 0.335 (BK SA) � 0.480 (TRT), where without tree
guard is 1 and with tree guard is �1. VAR and INF
were not signiÞcant factors and were eliminated from
the model (Table 6). By early 2004, signiÞcantly more
burr knots on (F� 21.60; df � 3, 156; P� 0.0001) and
signiÞcantly more Sun Fuji and Gale Gala trees with
tree guards were infested compared with those with-
out (F� 22.47; df � 3, 156; P� 0.0001) (Fig. 2). In late
2004, this trend continued (F� 25.12; df � 3, 156; P�
0.0001). Among trees including those from which the
soil mounds had been removed, signiÞcantly more Sun
Fuji and Gale Gala with tree guards were infested
compared with those without tree guards or that had
been previously mounded (F� 9.94; df � 5, 2344; P�
0.0001). Infestation rates of Sun Fuji and Gale Gala
that had mounded soil removed were 55.5 and 57.5%,
respectively (Fig. 2). Among trees with and without
tree guards, the model for probability of infestation by
dogwood borer in late 2004 included BK SA (square
centimeters) and TRT as signiÞcant factors: y � 1 �
1/exp (�1.025 � 0.305 (BK SA) � 0.974 (TRT), where
without tree guard is 1 and with tree guard is �1. VAR
and INF were not signiÞcant factors and were elimi-
nated from the model (Table 6).
Pollenizers. There was no signiÞcant difference be-

tween the number of infested burr knots on Snow
Drift on M.26 or Manchurian on M.7 trees in 2003.
Furthermore, there was no signiÞcant difference be-
tween the number of infested trees of each variety,
although nearly 70% of the pollenizers were infested
in late 2003 (Table 3). In 2004, signiÞcantly more burr
knots on Snow Drift (F� 5.78; df � 1, 101; P� 0.0180)
and signiÞcantly more Snow Drift trees (F � 23.59;
df � 1, 101; P � 0.0001) were infested by dogwood
borer compared with Manchurian (Table 3).
Virginia. In June 2002, no infestation was detected.

In October 2002, though not signiÞcant, Idared trees
were infested, regardless of the presence of tree
guards (Fig. 3). In June 2003, signiÞcantly more Idared
trees with tree guards were infested compared with
Idared without tree guards and Buckeye Gala with and
without tree guards (F� 5.01; df � 3, 230; P� 0.0022).
However, by October 2003, signiÞcantly more Idared
with and without tree guards (77 and 62%, respec-

Table 6. Summary of variables included in logistic regression
models that best predict the probability of infestation by dogwood
borer in apple trees planted on M.26 and M.7 rootstocks in West
Virginia and on M.26 rootstocks in Virginia from 2002 to 2004

State RS Year Variable CoefÞcient
WaldÕs

�2 P

West Virginia M.26 2002 BK SA 0.283 24.909 �0.0001
VAR 0.629 11.459 �0.0001
INF -0.577 5.938 0.0148

2003 BK SA 0.234 16.783 �0.0001
TRT -1.202 12.144 0.0005

2004 BK SA 0.055 5.768 0.0163
INF -0.829 10.879 0.0010

M.7 2003 BK SA 0.335 24.761 �0.0001
TRT -0.479 5.473 0.0193

2004 BK SA 0.305 24.493 �0.0001
TRT -0.974 17.405 �0.0001

Virginia M.26 2003 BK SA 0.010 15.563 �0.0001
TRT -0.841 27.719 �0.0001

M.26 2004 BK SA 0.006 12.620 0.0004

BKSA, burr knot surface area; VAR, variety; TRT, trunk treatment;
INF, presence of infestation early in the season.
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tively) and Buckeye Gala with tree guards (79%) were
infested compared with Buckeye Gala without (36%)
(F� 11.56; df � 3, 230; P� 0.0001) (Fig. 3). In terms
of the probability of infestation by dogwood borer in
late 2003, the model included BK SA (square centi-
meters) and TRT: y � 1 � 1/exp (�0.318 � 0.0102 (BK
SA) � 0.841(TRT), where without tree guard is 1 and
with tree guard is �1. VAR and INF were not signif-
icant factors and were eliminated from the model
(Table 6). Again in early 2004, signiÞcantly more
Idared trees with and without tree guards and Buck-

eye Gala with tree guards were infested compared
with any other treatment (F� 91.72; df � 5, 347; P�
0.0001). Approximately 1.7% of Buckeye Gala and
11.8% of Idared trees that had been previously
mounded were infested (Fig. 3). By October 2004,
signiÞcantly more Idared trees with tree guards were
infested compared with Buckeye Gala without tree
guards and those that had been previously mounded
(F� 2.75; df � 5, 347; P� 0.0187). Among trees with
and without tree guards, the model for probability of
infestation by dogwood borer in late 2004 included BK

Fig. 2. Mean percentage of infested burr knots and trees on M.7 rootstock in West Virginia from early (MayÐJune) and
late (SeptemberÐOctober) 2002Ð2004. Letters indicate signiÞcant mean separation based on Student-Newman-Keuls Multiple
Range Test for actual mean numbers. Postmound treatment represented in late 2004 sample only.
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SA (square centimeter) : y � 1 � 1/exp (�0.036 �
0.058 (BK SA) (Table 6). Factors that were not sig-
niÞcant included TRT, VAR, and INF. Approximately
58 and 66% of Buckeye Gala and Idared trees that had
been previously mounded were infested (Fig. 3).

Discussion

Dogwood borer infestation was detected during the
Þrst season after planting (Figs. 1Ð3), and burr knot

tissue at early stages of development seems to be very
attractive to dogwood borer. Female moths were able
to locate burr knot tissue for oviposition in year 1 of
our study, even though the average amount of tissue
per tree was between 1.32 and 4.77 cm2 for M.26
(Tables 2 and 5) and between 1.22 and 2.58 cm2 for
M.7 (Table 2). Burr knots are adventitious root initials
that originate within the apple stem and Þrst show up
as clusters of small nodules that enlarge as the tree
grows (Lawes 1999, Marini et al. 2003). Growers gen-
erally consider burr knots to be an undesirable feature
of some rootstockÐvariety combinations because of
potential trunk ßuting and girdling, which can lead to
reduced growth and yield, and because of increased
risk of pest pressure and pathogen entry (Lawes 1999,
Marini et al. 2003).

There is strongevidence that femaledogwoodborer
are attracted to stimuli associated with wounded tissue
on ßowering dogwood and pecan trees, including
wounded bark, pruning cuts, or gall tissue (Underhill
1935, Pierce and Nickels 1941, Wallace 1945, Pless and
Stanley 1967). Wallace (1945) demonstrated that dog-
wood borer larvae require wound sites in dogwood
bark to establish successfully and that females likely
choose oviposition sites based on proximity to these
potential larval feeding sites. The severity of mechan-
ical wounding of the trunk of ßowering dogwood was
found to be one of the strongest predictors of the
likelihood of infestation by dogwood borer (Potter
and Timmons 1981). Mated female dogwood borer
may interpret burr knots on apple as wound sites on
the tree. In our studies, the only factor that was always
present in models designed to predict likelihood of
infestation of a particular apple tree, i.e., oviposition
by female dogwood borer, was total burr knot surface
area (Table 6).

A number of factors contribute to the total amount
of burr knot tissue available as a resource for dogwood
borer. In the West Virginia orchard, rootstock had a
signiÞcant effect, because Gale Gala and Sun Fuji on
M.26 had signiÞcantly more burr knots and burr knot
tissue than these same varieties on M.7. Other studies
have quantiÞed burr knot development among a num-
ber of rootstocks and also have found signiÞcant dif-
ferences in the total number of burr knots (Marini et
al. 2003). However, to our knowledge, no study has
quantiÞed and compared the effect of tree guards on
burr knot development on varieties planted on M.26
and M.7 rootstocks. In our study, the effect of tree
guards on Gale Gala and Sun Fuji on M.26 was not
pronounced until year 3 (2004). SigniÞcantly more
burr knot tissue was present on Gale Gala with tree
guards compared with Sun Fuji without, with other
treatments being intermediate (Table 2). Conversely,
on M.7 the effect of tree guards was very apparent,
with over twice as much burr knot tissue present on
trees with tree guards compared with those without in
year 3 (Table 2). In Virginia, however, variety and not
the presence of tree guards, had a signiÞcant effect,
because signiÞcantly more burr knots and burr knot
tissue were present on Idared compared with Buckeye
Gala on M.26 by year 3 (2004) (Table 4).

Fig. 3. Mean percentage of infested trees on M.26 root-
stock in Virginia from early (MayÐJune) and late (Septem-
berÐOctober) 2002Ð2004. Letters indicate signiÞcant mean
separation based on Student-Newman-Keuls Multiple Range
Test for actual mean numbers. Postmound treatments rep-
resented in 2004 samples only.
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Perhaps a more important consideration is how dif-
ferences in the number of burr knots or the amount of
burr knot tissue, based on the presence or absence of
tree guards, translates into damage to the trees from
borer infestation. Rom and Brown (1979) stated that
the use of trunk protectors that exclude light further
promotes burr knot formation on apple. Tree guards
have long been implicated in promoting dogwood
borer infestations and their removal is recommended
as soon as feasible (Anonymous 2004b). Their pres-
ence increases the likelihood of infestation by pro-
viding a well-protected environment for larval devel-
opment, or perhaps by decreasing the level of
penetration of trunk drench insecticide applications
(Bergh and Leskey 2003). In addition, they can hide
the symptoms of active dogwood borer infestations
and make them less easily detectable.

More recently, however, Kain et al. (2004) found in
eight orchards with tree guards and in 20 orchards
without tree guards in New York that 42 and 30% of
trees were actively infested by borers [dogwood borer
and American plum borer, Euzophera semifuneralis
(Walker)], respectively. Statistically, there was no
difference between the numbers of dogwood borer
larvae recovered from trees or the proportion of trees
infested when tree guards were present or absent.
However, this survey was conducted after infestations
were present for an unknown period of time and on
trees of mixed ages and varieties. In our study, we
began to survey trees soon after planting (�6 mo), at
the beginning of their Þrst growing season in 2002. In
the West Virginia orchard, we found that signiÞcantly
more burr knots were infested by dogwood borer
when tree guards were present on both Sun Fuji and
Gale Gala on M.26 and M.7 by the end of the second
growing season (Figs. 1 and 2). We suggest that this is
because tree guards created the microclimatic condi-
tions necessary to stimulate production of new tissue
at established burr knot sites, thus allowing infesta-
tions to persist at higher levels. Even after much of the
tissue had been consumed by dogwood borer, we
observed new tissue being produced more quickly on
trees with tree guards than on trees without. Further-
more, trees with tree guards certainly could have af-
forded protection for larvae from predators, parasites,
and desiccation contributing to increased infestation
rates. This trend of increased burr knot infestation was
apparent when measuring percentage of infested burr
knots per tree at the West Virginia site (Figs. 1 and 2).
When tree guards were present, signiÞcantly higher
percentages of burr knots on Gale Gala and Sun Fuji
on M.26 and M.7 rootstocks were infested by early
2004 and late 2003, respectively. We were unable to
quantify this effect in the Virginia orchard because
only the number of infested trees (and not infested
burr knots per tree) was counted.

One factor that emerged from this study was that
crabapple pollenizers serve as an excellent host for
dogwood borer and are very susceptible to infestation.
By 2004, signiÞcantly more burr knot tissue was
present on Snow Drift crabapple on M.26 compared
with Manchurian crabapple on M.7, and signiÞcantly

more Snow Drift (93%) trees were infested compared
with Manchurian (55%) (Table 3). Dogwood borer
has the broadest host range of any of the clearwing
moths and has been documented on at least 19 species
of fruit, nut, and ornamental trees (Engelhardt 1932,
Eichlin and Duckworth 1988, Johnson and Lyon
1991). Therefore, although it was not surprising that
crabapple pollenizers became infested, the rapidity
with which they succumbed to attack by dogwood
borer was unexpected. Less than three years after
planting, nearly 10% of Snow Drift and �3% of Man-
churian have been lost from what seems to be pri-
marily girdling by dogwood borer larvae (T.C.L., un-
published data). Crabapple pollenizers are suitable
hosts for dogwood borer, particularly Snow Drift on
M.26, and this should be taken into account when
selecting crabapple rootstockÐvarieties for planting in
new orchards and when developing a management
strategy after planting.

One of the cultural strategies that has persisted in
the literature has been to reduce the exposure of burr
knot tissue to dogwood borer. This can be accom-
plished by mounding the soil around the exposed
rootstock (Young and Tyler 1983, Riedl et al. 1985,
Anonymous 1999) or by planting new apple trees
more deeply (Young and Tyler 1983, Riedl et al. 1985,
Warner and Hay 1985, Kain and Straub 2001), al-
though potentially negative effects of scion rooting
may occur (Riedl et al. 1985, Kain and Straub 2001).
A recent strategy has been to mound or berm the soil
to heights just above the graft union for 2Ð3 yr and
allow burr knot tissue to root and extend into the soil,
thereby avoiding larval infestation (Perry 2003). In
our study, we mounded soil around the rootstock to a
height of �5 cm above the graft union in the spring of
2002 and removed the mounds in the spring of 2004.
In the West Virginia orchard, these soil barriers com-
pletely prevented infestation. In the Virginia orchard,
1.7% of the Buckeye Gala and 11.8% of the Idared
showed signs of infestation in the spring of 2004, due
largely to the difÞculty in maintaining mounds in that
sloping orchard. However, previously mounded trees
in both orchards had large amounts of rooting tissue
present. Furthermore, the trunk diameter of previ-
ously mounded trees was signiÞcantly larger than
those with or without tree guards indicating that scion
rooting could be occurring and that the dwarÞng char-
acteristics of the particular size-controlling rootstocks
were being lost. The potential for scion rooting to
occur on trees on size-controlling rootstocks that are
planted deeply is well documented (Tukey 1964).
Scion rooting of previously mounded trees therefore
may have resulted in increased vigor and contributed
to observed signiÞcant differences in scion diameter in
our study. However, one cannot dismiss the possibility
that exposed burr knots present on trees with and
without tree guards contributed to reduced growth
(Lawes 1999, Marini et al. 2003), and consequently,
smaller scion diameter compared with those trees that
had been mounded. Regardless of the horticultural
implications, �50% of trees that had been mounded
previously were infested by dogwood borer by late
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2004 (Figs. 1Ð3), and rooting tissue seemed to provide
an ideal habitat for developing larvae. Thus, mounding
as a cultural management tactic, at least as described
here, does not seem to be effective and may be det-
rimental to the horticultural characteristics of size-
controlling rootstocks.

In conclusion, our study has shown that the amount
of burr knot tissue has the greatest impact on the
initiation, persistence, and size of dogwood borer pop-
ulations in newly established apple orchards and that
orchards are susceptible to attack in their Þrst growing
season. There are numerous advantages to planting
new apple orchards on size-controlling rootstocks,
including increased yield per acre and improved can-
opy management, harvest, and spray coverage associ-
ated with small, compact trees. Thus, it is likely that
the use of dwarÞng rootstocks will continue to in-
crease. This trend will, however, necessitate increased
awareness of some of the adverse impacts of their use,
including their susceptibility to attack by dogwood
borer. Although dogwood borer will likely remain a
serious potential threat to young apple orchards
planted on size-controlling rootstocks, recent ad-
vances in its pheromone chemistry will enable im-
proved monitoring and management capabilities.
IdentiÞcation of its sex pheromone (Zhang et al. 2005)
will likely provide a sensitive, standardized, and reli-
able monitoring system upon which improved man-
agement decisions based on use of conventional in-
secticides can be based. Furthermore, behaviorally
basedmanagement strategies(BerghandLeskey2003,
Bergh et al. 2004), including mating disruption or mass
trapping, can be explored.
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